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FOREWORD

There are several problem areas in the Centaur proysram that
require the use of the thermodynamic properties of saturated
oxygen &t very low temperature and pressures. The results of the
study contained in this report are the graphical and tabular
thermodynawiec properties of saturated oxygen in the tewuperature

range from 24°R to 174°R.
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SUMMARY

There are several problem areas in the Centaur program which
require the thermodynamic properties of saturated oxygen at low
pressures and temperature. The work documented in this report
consists of graphical and tabular data for vapor pressures and
temperatures, specific weights and volumes, specific entropy, and
specific enthalpy for saturated oxygen in the temperature range
from 24°R to 176°R. Figure 1 is a plot of the tabular data in
Table 1 in the temperature entropy plane. The tubular data in
Table 1 is presented as a function of saturation temperature in 2°R

increments.
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INTRODUCTION

Several problem areas in the Centaur projgram reguire knowledge
of the thermodynamic properties of oxygen at low pressures and
temperatures. The expansion of liquid oxygen (LOX) iuto extremely
low back pressures results in the formation of solid oxygen (S0X)
which could result in plugging valves, lines or orifices. The ex-
pansion of residual oxyzen from the engine system through the engine
nozzle after main engine shut down cause small additional impulses

to the wvehicle system. Thease types of problems require the use of

the thermodynamic properties of saturated oxygzen at low pressure.

Uring experimental data contained in References (1), (2) and
(3) and standard thermodynamic equations the following saturated
properties were determined for the temperature range from 24°R to
174°R.

» (a) Pressure

(b) Specific weivht of ligquid and selid

(¢) Specific volume of gas

(d) Specific entropy of liquid and gas

(e) Specific enthalpy of liquid and gas

The results of this work are shown in tabular form in Table 1}

and in graphical forms in the temperature entropy plane in Figure 1.
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NISCUSSTON

The basic equation for the relationship between temperature,

preasure, specific volume, and entropy used in calculating the

thermodynamic pronerties is

where T =
Cp-

p-

@ -

Tds = Cpdl - (3 vidp (1)
J

LY

Absolute temperature - °Rankine

Specific entropy - Btu/lb-°R

Specific heat - Btu/1b-°R

Specific volume - f1°/1b,

Absolute pressure - lbs/ft2

Mechanical equivalent of heat - 778,26 ft-lbs/Btu

v (5),

The maturation temperature-pressure relationship givea in

leference 1

where
InP =
P w

is

1nP = 19.71451-173R.20767-.008289T (2)
T

logarithm of P to the bagse e

2
Saturation Pressure - lbs/ft” abs.

T = Absolute temperature - °R

The relation between pressure, volume, and temperature of

the gas iw

Pv = ZRT (

2
S

o
o
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